The presence of the toxic cyanobacteria and cyanotoxin, microcystin-LR (MC-LR) and other cyanotoxins, in drinking water sources poses a serious risk to public health. Iron based technologies using magnetic zero-valent iron nanoparticles (nZVI) and ferrate ion (Fe Mechanisms of removal and destruction of target contaminants by nZVI and Fe(VI) are discussed.
Oxidation methods include UV-based advanced oxidation technologies, photocatalytic and chemical oxidation (Sharma et al. , ) . MC-LR is stable under natural sunlight and resistant to degradation by UV radiation (Westrick et al. ) . Photocatalytic degradation of MC-LR using titanium dioxide (TiO 2 ) is promising (Sharma et al. ) ; however, it requires separation of the catalyst after removal of MC-LR and needs additional energy for the photoactivation of photocatalyst. Chlorine, chlorine dioxide, chloramine, ozone, and permanganate have been applied to remove MC-LR in water (Sharma et al. ) . The reaction of chlorine with MC-LR resulted in chlorine substitution, which generates potentially toxic chlorinated by-products (Acero et al. ; Huang et al. ) . In addition, the possibility of the reaction between chlorine and bromide ion produces HOBr, which can produce toxic brominated by-products (Heeb et al. ) . The degradation of MC-LR by chloramine was not significant. Chlorine dioxide is capable of degrading MC-LR, but high doses are required. This limits the practical application due to the generation of chlorite and chlorate as by-products after the use of chlorine dioxide (Kull et al. ) . Applications of ozone and permanganate in oxidizing MC-LR are promising (Sharma et al. ) . Release of cyanobacteria may thus be influenced by nZVI.
Significantly, the ecotoxicological study demonstrated that nZVI was a highly selective agent (EC 50 ¼ 50 mg/L against cyanobacteria). This level of EC 50 was 20-100 times lower than that the EC 50 for fish, water plants, algae, and daphnids. Figure 
Kinetics
The oxidation of the MC-LR by Fe(VI) followed a second- Ozone showed the highest value of k app ( Table 1) (Table 2) .
Fe(VI) also oxidized the diene group of the Adda moiety of MC-LR via dihydroxylation to yield products with M þ 34 (Table 2 ). This corresponded to addition of two HO groups without loss of H atoms. Hydroxylation yielded 1,2-, 3,4-, and 1,4-diol products (Table 2) . Significantly, the products seen from the attack on diene moiety were also reported in The MC-LR is an inhibitor of protein phosphatase (PP1 and PP2A) enzymes, therefore, the PP1 inhibition was utilized to evaluate the biological activity of the Fe(VI) • nZVI was highly effective in destroying cyanobacteria via multiple modes of action.
• The products of MC-LR oxidation by Fe(VI) were observed from the hydroxylation of benzene ring, diene, enone, and peptide bond of MC-LR, which did not have any significant toxicity.
• Fe(VI) could degrade MC-LR in water and lake water samples on a time scale of seconds.
• Magnetic separation of generated iron oxides from nZVI and Fe(VI) treatment can be achieved using a cost effective low-gradient magnetic field. 
